Introduction
Liquid crystalline phases have always partial ori entational order of the molecules, and some have also partial positional order of the molecules. Since this occurs frequently in natural and synthetic materi als, liquid crystals are of considerable fundamental and applied interest [1 -3] . The peculiar changes that ooccur at phase transitions are primarily governed by intermolecular interactions between sides, planes and ends of a pair of molecules [4] . The molecular interac tions of mesogenic compounds have been calculated by several workers [5 -7] basing on the Buckingham potential with modified Rayleigh-Schrödinger pertur bation theory. Attempts were also made to correlate the mesogenic properties with molecular interactions.
It has been observed that the pair potential between such molecules is anisotropic and that the minimum energy configuration corresponds to the crystallographic structure of the molecule in the solid state.
Recently [8, 9] the results of theoretical investi gations on the role of intermolecular interactions in mesogenic compounds have been reported. One of the limitations of the work was that interaction energy calculations were carried out only through one face.
In the present communication, an attempt has been made to interpret the results of interaction energy cal culations through both faces, sides and ends, of a molecular pair of PBPCN molecules at an interme diate distance of ± 7 A for stacking and ± 7 A for in-plane interactions. Similarly, a distance of ± 20 A has been kept for terminal interactions.
The thermodynamic parameters reveal that PBPCN shows a nematic phase at 47.5 °C and ex hibits an isotropic melt at 67.5 °C [10] .
Computational Details
The CNDO/2 method [11] has been employed to compute the net atomic charge and dipole moment at each atomic centre of the molecule. The molecu lar geometry of PBPCN has been constructed on the basis of the published crystallographic data with stan dard values of bond lengths and bond angles [10] . The length of the most extended conformation was found to be 17.5 A, which is the calculated length of the 0932-0784 / 01 / 1100-0730 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com molecule in the crystalline state. The apparent length of the molecule in the nematic phase was found to be 24.5 A, which is nearly 1.4 times the calculated length in crystalline state [10] .
According to the second order perturbation theory, as modified for intermediate range interactions [12] , the total interaction energy (-E^tai) between a pair molecules is given by -^total = -^el + £ p o I + -E'disp + -Erep> where £ el, £ pol, £ disp, and £ rep, respectively, rep resent the electrostatic, polarization, dispersion and repulsion components.
The electrostatic term is expressed as
where E qq, E qMI, and £ MIMI etc. are the monopole-monopole, monopole-dipole and dipole-dipole etc. terms, respectively. In fact, the inclusion of higher order multipoles does not affect significantly the elec trostatic interaction energy, calculations upto the di pole-dipole term giving satisfactory results [13] , as has been done here. The necessary formulae may be found in [9] . The origin on an atom has been chosen close to the centre of mass of the molecule, the X-axis along the long molecular axis, the Y -axis in the plane of the molecule and the Z-axis perpendicular to the molec ular plane.
Results and Discussion
The molecular geometry of PBPCN is shown in Figure 1 . The total energy, binding energy, total dipole moment and its components are listed in Table 1 . The results of the interaction energy calculations are discussed below.
Stacking Interactions
Of the molecular pair, one molecule is fixed in the X -Y plane such that the X-axis lies along the long molecular axis, while the other molecule is kept at a separation of 7 A along the Z-axis with respect to the fixed molecule. Computations have been carried out on both faces F, and F2, i. e. +7 A and -7 Ä interplanar separation between the two molecules. The choice of the distance has been made to eliminate the possibility of van der Waals contacts completely and to keep the molecule within short and medium range interaction. a The total energy corresponds to the sum of the atomic and elec tronic energies of all the constituents of the molecule in the equilib rium geometry.b The binding energy of a molecule is the difference between the energy of the equilibrium molecular geometry and the sum of the atomic energies of the constituent atoms. + Contri bution to dipole moment components due to electron densities. * sp-hybridization moment; ** pd-hybridization moment. ++ Sum of electron density and hybridization contribution to the dipole moment component.
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SIDE ( Rotations about the Z-axis have been given at in tervals of 10°, and the interaction energy at each point has been calculated. The minimum energy so obtained is then taken as starting point, and the entire process is repeated at smaller intervals. The association energy has been minimized with respect to translation and rotation about the two axes. An accuracy of 0.1 A in translation and 1° in rotation of one molecule with respect to other has been achieved. The final low est stacked geometry was thus obtained through face Fj at an interplanar separation of 3.4 A with energy -12.73 kcal/mole and face F2 at an interplanar sepa ration of 3.6 A with energy -12.83 kcal/mole. These configurations agree with those obtained from crystallographic studies [10] .
The variation of the intermolecular interaction en ergy components through face F L with respect to ro tation about the X-axis is shown in Figure 2 . The dominating role of the dispersion energy is obvious, 
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although the optimum angle is always governed by Kitaigorodskii energies. For rotation in the range of 300° ± 10°, an energy difference of only ~1 kcal/mole is observed, implying that on increased thermal agitation, the stacked molecule in a PBPCN pair may get oriented with respect to each other one. The contribution of polarization energy is negligible. The electrostatic energy term is much smaller than the dispersion term. The repulsion energy component has not been plotted, as it can easily be obtained with the help of dispersion and Kitaogorodskii curves.
The nematic character of liquid crystals is generally manifested by their translational freedom along the long molecular axis. Therefore, translations have been allowed at intervals of 0.2 A, and the corresponding changes in the various interaction energies through face Fj are reported in Figure 3 . All components in crease with increased overlapping, the increase being small for the electrostatic and polarization energies. The dispersion energy is mainly responsible for the at traction between the planes of the PBPCN molecules, though the exact optimum results always from the Ki taigorodskii energy curve, which has gross similarity with the total energy curve. Evidently, the stacked pair of PBPCN molecules can slide in the range of 2.6 A ± 0.4 A without any significant change in the energy and, hence, is capable retaining molecular order upto 3 A against increased thermal agitation.
In-plane Interactions
The interacting molecule has been kept at separa tion of 7 A along the Y -axis with respect to the fixed one to avoid van der Waals contacts. Similar calcu lations have been performed for in-plane interactions on the sides S^ and S2, i. e. at an intermediate distance +7 A) and -7A , respectively, of the molecule. Again, rotations about the Y -and X-axis have been given and corresponding energies have been calculated. The en ergy has been minimized with respect to translation and rotation about all axes. The lowest in-plane geom etry was thus obtained through side S, at a separation of 6.5 A with energy -4.23 kcal/mole and side S2 at a separation of 6.3 A with energy -5.01 kcal/mole. Figure 4 shows the variation of the interaction en ergy components through side S { with respect to rota tion about the X-axis. The main attractive part of the energy comes through the dispersion term. It may be noted that side S { shows a clear preference, though the difference in energy for different values of rotation is very small. Thus, generally, the molecule may be as sumed to be capable of free rotations except at lower temperatures, where the two molecules prefer being in the same plane. The effect of translation along the X-axis is shown in Figure 5 . It may be observed that the translational freedom is much more pronounced than the stacking interactions (Fig. 3) .
Terminal Interactions
The length of molecule is approximately 17 A, to investigate the terminal interactions away from the van der Waals contacts, the interacting molecule has been shifted along the X-axis by ± 2 0 A with respect to the fixed one and allowed to rotate along the X -and Y -axes. The energies at such points have been exam ined. Terminal interactions are much weaker than the stacking or in-plane interactions. Rotations about the X-axis show absolutely no preference for any angle, i.e. the molecules are free to rotate about their long molecular axis.
The interaction energy calculation can be corre lated with the mesomorphic behaviour of the system. When solid crystals of PBPCN are heated, thermal vibrations disturb the molecular order of the strongly packed PBPCN molecules. Consequently, the attrac tion within a pair of molecules, largely comprising the dispersion forces, tend to get weaker at higher temper atures, and hence the possibility of relative movement within a molecular pair along the long molecular axis is considerably enhanced (Fig. 3) . The freedom of molecules in a pair to slide along an axis perpendic ular to the long molecular axis (Y -axis) is energeti cally restricted, while terminal interactions are quite insignificant.
The results favour the nematic behaviour of the sys tem. At very high temperature, breaking of all disper sion forces results and all possible stacking geome tries (even perpendicular stacking) become equally probable, which ultimately causes the system to be come an isotropic melt.
The most prominent energy minima of the abovementioned interactions are refined, and values thus obtained are listed in Table 2 with all the contribut ing terms to enable comparison. These results indi cate that the refinement corresponding to the stack ing energy at face Fj is maximum and the ultimate magnitude of stacking is larger than in-plane and ter minal interactions. Further, all possible geometrical arrangements between a molecular pair during stack ing, in-plane and terminal interactions have been con sidered. 
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